In recent years three-wheel camber vehicles, with two wheels in the front and a single rear wheel, have been growing in popularity. We call this kind of vehicle A "Leaning Multi Wheel category Vehicle" (hereinafter referred to as a "LMWV"). A LMWV has various characteristics, but one of them stands out in particular. When a LMWV is cornering, if one of the front wheels passes over a section of road surface with a low friction coefficient, there is very little disturbance to the vehicle's behavior and can continue to be driven as normal. However, there has been no investigation into why these vehicles have
this particular characteristic. Consequently, in this paper an investigation was carried out in order to determine the behavior of a LMWV in this situation. First, measurements were taken using an actual vehicle to confirm the situation described above. As a result, it was confirmed that there is only a small change in the vehicle's posture and also that the other front tire generates tire force that appears to compensate for the decrease in lateral force. Next, a multibody dynamics analysis was carried out. The results of this simulation indicated that the cause of this phenomenon is the steering turns toward the inside of the corner and the other front tire develops a slip angle which in turn generates a lateral force. The investigation and analysis described above clarified this phenomenon and demonstrated one of the factors that gives a LMWV its cornering stability.
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Investigation of the behavior of three-wheel vehicles when they pass over a low µ road surface
If we take a look back at the evolution of personal mobility, there is a long history of various vehicles being proposed all around the world. In recent years there has been an increase in the number of threewheel vehicles, particularly in Europe, that have two wheels in the front, a single wheel in the rear, and that feature large camber angles. These vehicles possess a mechanism that is different from both automobiles and motorcycles, but they keep stability and motorcycle-like handling. We call this kind of vehicle a "Leaning Multi
Wheel category Vehicle" (hereinafter referred to as a "LMWV") and have been pursuing their development as well as investigating their characteristics [1] [2] [3] . LMWV are known to possess a number of characteristics [4] , but the riders of these vehicles have indicated that one noteworthy characteristic is the vehicle's stability when cornering. One concrete example that has been reported was the case where one of the front wheels passed over a low µ road surface, such as a wet manhole cover, while the vehicle was cornering. Despite these conditions, the vehicle remains stable throughout the turn and can continue to be driven as normal because of little roll angle change. However, there has not been a thorough examination of this particular characteristic and so there is a need for a theoretical study from the standpoint of understanding these vehicles better. In addition, there are very few other examples of research into these types of vehicles, so this is another factor that is preventing a better understanding of LMWV.
Therefore, in this paper an investigation was carried out to examine the phenomenon that occurs when one of the front wheels of a LMWV passes over a low µ road surface during cornering. The purpose of this investigation is to determine the factors that contribute to the turning stability of these vehicles. First, measurements were taken using an actual vehicle during the situation where one of the front wheels passes over a low µ road surface during cornering to confirm the phenomenon.
Next, a multibody dynamics analysis was carried out by simulating the same situation to investigate the cause of the abovementioned phenomenon. This paper reports the results and new knowledge that were obtained from these analyses and examinations.
First, an actual measurement test was carried out to investigate and confirm this phenomenon. Fig.1 shows the LMWV with 155 cm 3 of displacement that was used for the test. Table 1 lists the vehicle specifications.
Furthermore, in this paper, in order to focus on the vehi-cle characteristics, theoretically, when the vehicle is cornering, the examination was carried out using a geometry in which the difference in the left and right wheel steering angles was 0 degrees at the time of roll.
The vehicle was equipped with an inertial GPS sensor, a steering torque sensor, and tire six-component force meter wheels on the left and right front wheels. Please see the references for more details about the measuring instruments [5] . The coordinate system uses the ISO coordinate system, as shown in Consequently, this verification testing and the actual measurement data that was obtained made it possible to confirm that this phenomenon, which occurs when only one of the front wheels of the LMWV passes over a low µ road surface while cornering, does in fact exist.
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3-1. SIMULATION MODEL
There is a limit to the number of items that can be measured using the actual vehicle, so this phenomenon was investigated further by using a simulation. A simulation model of the same vehicle used in the actual measurement test was created for this investigation.
The analysis software that was used was SimMechan- 
3-2. RIDER CONTROL MODEL
A simulation of the vehicle being driven was carried out by having a maneuvering model control the vehicle model in the state described in the previous section.
In the maneuvering model the drive torque of the rear wheel, , and the steering torque, , were found from the following equations.
In other words, proportional (and differential) control was carried out so that the velocity and roll angle would approach the target velocity, v ref , and the target roll angle, ϕ ref .
In this paper, this rider model was used to conduct the investigation [6] .
3-3. VERIFICATION OF THE MODEL
Prior to using the simulation to investigate the phe- There is some fluctuation in the actual measurement data, but the figure shows that in all of these cases the simulation data largely corresponds to the measurement data. Consequently, the suitability of the simulation model was able to be confirmed from these results.
3-4. ANALYSIS OF VEHICLE BEHAVIOR
The vehicle model was used to carry out an analysis of the vehicle behavior when one of the front wheels passes over a low µ road surface. The target velocity was a con- Investigation of the behavior of three-wheel vehicles when they pass over a low µ road surface Investigation of the behavior of three-wheel vehicles when they pass over a low µ road surface 
3-5. EFFECT OF THE OTHER FR.TIRE PASSES OVER A LOW µ ROAD SURFACE
Next, Fig.16 shows the results of a simulation using the same conditions described above, except that this time it was only the front left wheel (the wheel on the inside of the left turn) that had its µ y changed to 0.14.
In the same fashion as when the outside front tire's µ y was decreased, the change in the roll angle was small and the front tire appears to generate a lateral force to compensate for the decrease in the lateral force of the other front tire. This result demonstrated that the same result was obtained no matter which of the front tires suffers a sudden decrease in its friction coefficient.
3-6. EFFECT OF THE LARGE ROLL ANGLE CONDITION
All of the investigations described above were carried out under conditions in which the roll angle was about 14.3 deg. Therefore, the roll angle was changed to 30 deg by increasing vehicle velocity and another analysis was run in order to confirm whether or not the same phenomenon would occur under the conditions. Fig.17 shows these analysis results. The results confirm that both the roll angle and tire lateral force show the same tendencies under these conditions as they did in the analysis results obtained when the roll angle was 30 deg.
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3-7. EFFECT OF THE RIDER CONTROL MODEL
In the simulations and analysis described in this paper up to now the phenomenon that occurs when one front wheel of a LMWV passes over a low µ road surface while cornering has been investigated. However, these analysis results included steering torque control that simulated a rider. It is conceivable that in reality the rider would react too slowly and there would be no steering intervention. Consequently, the simulation was carried out again, except that this time steering torque control was not applied to reach the target roll angle when one of the front wheels passed over the low µ road surface so that the effect this has on the vehicle behavior could be isolated. Specifically, a constant steering torque of Investigation of the behavior of three-wheel vehicles when they pass over a low µ road surface The following conclusions about LMWV were able to be drawn from the analysis and examinations that were carried out using actual measurement tests and simulation models. 3. The investigation described above was able to show one of the main causes that contributes to the stability of LMWV during cornering. Investigation of the behavior of three-wheel vehicles when they pass over a low µ road surface 
